Background Data: One of the worst complications of spine fracture is posttraumatic kyphosis, and beside pain and disability, new neurological deficit may develop and need surgical interference, that is challenging. Purpose: To assess the technique of pedicle subtraction osteotomy as a single posterior approach in treatment of posttraumatic kyphosis.
Introduction
Posttraumatic kyphosis (PTK) may occur in patients who have received either surgical or nonsurgical treatment. 13 The Magerl et al, 18 classification of thoracolumbar spinal injuries recognizes three injury types. In serious injuries, a secondary posttraumatic deformity may develop. pain, progressive deformity, new neurological damage or increasing neurological deficit and skin problems and these are the main indications for surgery. 1, 2 Late deformities, in which the kyphosis does not occur immediately, may be caused by factors that related to or not to the treatment procedure. Implant failure, deep infection, pseudarthrosis, short fusion, prior laminectomy are the most common causes of late deformity related to treatment procedure. 16, 19, 22, 24 Surgical approaches include anterior, posterior, or combined anterior and posterior approaches are well known approaches . 15 Among the correction procedures, pedicle subtraction osteotomy (PSO) was developed to achieve significant correction of kyphosis or restoration of lordosis by a single stage posterior approach procedure. 3, 17, 23 Buchowski et al, 6 recently reviewed the literature concerning post-traumatic kyphosis and recommended the use of PSO in cases associated with normal sagittal balance and sharp angular deformity. In this study we evaluated the clinical and radiological results of PSO in treatment of symptomatic posttraumatic kyphotic deformity.
Patients and Methods
This is a prospective clinical cohort study of twelve patients who had been included in this study. All patients suffered from symptomatic posttraumatic kyphosis after initial surgical and nonsurgical treatment and were treated by one stage posterior approach with pedicle subtraction osteotomy and instrumentation. All patients were treated at the Neurosurgery Department of Benha University Hospital through the period from February 2013 to April 2015.
There were eight males and four females patients included in this study. Four patients had delayed kyphosis after conservative treatment, three patients had delayed kyphosis after primary decompressive laminectomy without instrumentation, two patients had kyphosis after failed instrumentation, two patients had kyphosis after inadequate short fusion, and one patient had old healed deformed fracture with newly developed pain.
All patients underwent detailed history; particular attention was given to symptoms suggesting neurological involvement and sphincter troubles. Physical examination along with neurologic examination was done. All patients were subjected to a subjective questionnaire preoperatively and at the time of the most recent follow-up. The content validity of the questionnaire was confirmed by a team of three experts of neurosurgeons. The questionnaire was first written in English and translated to Arabic which is then translated back to English in order to ensure that the translated version gives the proper meaning. Both the preoperative and postoperative questionnaires included a Visual Analogue Scale (VAS), rated on a scale from 1 to 10, for pain and impairment. Patient satisfaction from the surgery was also determined subjectively as excellent (ready to do again the same procedure for the same problem), good (the surgery improved the status but did not merit all the patient's expectations), fair (the patient's status did not changed with surgery), and poor (when the surgery has worsened the patient's condition). Computerized Tomography (CT) and Magnetic Resonance Imaging (MRI) were done preoperatively for all patients for the reasons of completing radiological assessment and recording the radiological state of the neurological tissue. Standing anteroposterior and lateral radiographs were made preoperatively and at regular postoperative follow-up. PTK was ascertained by drawing the lines parallel with the superior end plate of the intact adjacent upper vertebra and the lower end plate of the intact adjacent lower vertebra. The preoperative radiographs were analyzed to measure the thoracolumbar kyphosis. Subsequently the levels of fusion and the level of the osteotomy were determined. The radiographs at the last follow-up were used to evaluate the achieved correction of the thoracolumbar kyphosis. The correction at the single-level osteotomy site was also measured and expressed as a percentage of the total correction. In addition, follow-up radiographs were evaluated for potential loss of correction with time, pseudarthrosis, and screw breakage. The clinical and radiological conditions of those included patients were discussed with them and their relatives and they agreed for the modality of surgery.
Surgical technique used in this study was the same described by Bridwell et al, 3 All patients had long segment fixation points (2 levels above and below the osteotomy level) using pedicle screws and rods and cross links were used in only 3 patients according to surgeon preference. The osteotomy was completed with high speed electric drill, and caution was taken during drilling the most anterior and lateral parts. Intraoperative imaging was used to review the extent of anterior drilling and to assess the angle of wedge osteotomy as planned preoperatively. At the reduction phase, a wake-up test was routinely done to assess the neurological state and power in both lower limbs. Patients were allowed out of the bed on the night of first postoperative day, suction drains were removed after 48 hours, and usually patients were discharged on day 3 postoperative.
Early postoperative CT scan was performed to rule out early postoperative complication. Patients were followed then clinically and radiologically through a period of ≥18 months with a mean of 24.08±6.89 months (ranging from 18 to 36 months). All intraoperative complications and clinical state postoperatively were collected and reviewed.
Software (SPSS, Version 20.0 for Windows, SPSS Inc, Chicago, IL) was used for analyzes of the data. Qualitative variables were summarized as frequency and percentages while quantitative data as mean ±SD. Wilcoxon (non-parametric) test was applied for the comparison of quantitative variables before and after operation. Correlations among variables were studied by using the spearman correlation. AP value <0.05 was considered statistically significant (*) while > 0.05 statistically insignificant.
Results
PSO was done in twelve patients. Table 1 , shows that 66.7% of them were males and 33.3% were females who included in the study with mean age 31.25±9.4 months (ranging from 18y to 48y).
According to Visual Analogue Scale (Table 2) preoperative pain was 7.0 with IQR (6.13 -7.5). There was an improvement in pain postoperatively to 2.0 with IQR (1.0 -2.0) which is statistically significant (P=0.002). Disability as reported has a 7.0 with IQR (6.0 -8.0) that improved significantly to 2.0 and IQR (1.25 -3.0) which is statistically significant (P=0.003). There was no neurological complication in our study, and three patients with preoperative neurological problems showed variable degrees of improvement accordingly. Also no serious operative or postoperative complication had occurred, and only one case with incidental durotomy that was repaired, also one case with superficial wound infection was treated conservatively.
The Preoperatively kyphotic angle of 37.0° with IQR (28.25° -43.50°) improved after PSO surgery (Table 2, Figure 1 , 2) to 6.0° with IQR (3.25° -10.25°) which is statistically significant (P=0.002).
There was significant correlation (Table 3 ) between improvement of pain and disability (P=0.001), while there was no correlation between degree of improvement of pain and the correction degree (P=0.61). There was insignificant difference (improvement) with satisfaction (P=0.11). 
Discussion
Pedicle subtraction osteotomy is a wellknown surgical procedure in the management of simple and complex spine deformity. 3, 17, 20, 23 It has been used with other posterior osteotomy techniques such as vertebral column resection (VCR), and Smith-Peterson osteotomy (SPO) in the treatment of symptomatic deformity in thoracic and lumbar spine. 5 Many series were published concerned correction of symptomatic kyphotic deformity that affect the sagittal balance due to many causes, including ankylosing spondylitis, idiopathic scoliosis, degenerative sagittal imbalance, and posttraumatic kyphosis. 4 Recently other authors 8, 9, 11, 26, 27 had concentrated on the PSO in treatment of posttraumatic kyphosis publishing their encouraging results in this field favoring it as a primary treatment. Also, a comparison between anterior approach and PSO showed superiority of PSO as regard mean correction angel, loss of correction on follow-up, easy mobilization and better correction after facets resection, especially if fused. 9 The kyphosis deformity following older thoracolumbar vertebral fracture is often caused by inappropriate use of conservative treatment, inadequate immobilization, too early weight-bearing, incorrect surgical procedure and fixation, and improper choice of internal fixation devices. 21, 24 This study included four patients with delayed kyphosis following inappropriate conservative treatment, three with inadequate surgical procedure (decompressive laminectomy without instrumentation), four with failed or inadequate instrumentation, and one who had old healed fracture but newly developed pain. In kyphosis deformity caused by old thoracolumbar vertebral fracture, the abnormal apical region may result in intractable pain or fatigue aggravated when patients are standing or sitting and relieved when patients are lying down. This may be because adjacent levels of apical vertebra bear greater stress due to compensatory lordosis; this stress readily leads to surrounding muscle and ligament strain. Severe compensatory lumbar lordosis and the stress on facet joints cause low back pain; the increased vertebral slippage caused by kyphosis compression of the spinal cord caused by the kyphotic vertebral body, degenerative discs, hypertrophic ligaments, and kyphosis stretching the spinal cord may result in symptoms of spinal nerve and sphincter dysfunction. 7 The osteotomy should not exceed 30-40 degrees to be safe range of single segment osteotomy; otherwise, the spinal cord is excessively shortened and distorted. 14 Zhang et al, 27 used modified closing wedge osteotomy and obtained mean correction angle of 42°. A correction angle within 45° is considered to be safe. 8 Robert et al, 20 used PSO to obtain an average correction angle of 51° without postoperative complications. PSO can obtain a maximum correction angle of 60°. 25 Yong et al, 26 concluded that a correction angle of 55° was safe when PSO was individualized according to the Cobb angle, spinal stenosis, and compression source. The correction angle can be increased by removing more lamina and upper and/or lower end plate. 10 In our study, we had correction angles ranging from 18° to 45°, with average correction angle 31 degrees. All patients in early and late follow up showed improved clinical state and thus PSO is considered a safe procedure for correction of kyphotic deformity up to 45°. In four of our patients with more than 35° correction a wide decompression with above and below partial laminectomy to compensate for the buckled thecal sac at stage of reduction was done, these patients had osteotomy level at D 12 and L 1 that is opposing the conus area of the cord. As with all patients, awakening test was performed after reduction to assess the nervous affection that was negative.
We had no neurologic complication reported in our study despite that we did not use intraoperative neuro-monitoring and we depend on awakening test. The reported rates in literature ranged from 0% to 20 %. 1, 15 These reports included other indication for use of PSO, and a more complex kyphotic and scoliotic deformities were accomplished. PSO in posttraumatic kyphotic correction showed no neurologic complication in many series. 9, 11, 12, 26 The construct used in our study with 4 screws above and below the osteotomy level led to stability of the instrumented vertebrae, and adding the cross links to the construct added no benefits, as all cases showed good fusion with no pseudoarthrosis.
Conclusion
Symptomatic posttraumatic kyphosis could be safely approached via a posterior pedicle subtraction osteotomy technique, a single set with very satisfactory correction of deformity (up to 45°), and adequate decompression, beside alleviating patient's pain and disability with little or no added morbidity.
